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Abstract: To meet policy goals targeting increasing the share of organic agriculture, an organic
seed needs to be provided. Currently, this is far from being the case. This study investigates two
cases of important crop country combinations in organic agriculture, namely perennial ryegrass
in South-West England and durum wheat in Italy. A novel multi-agent value chain approach was
developed to assess public and private-sector interventions aiming at increasing organic seed use.
Phasing out of derogations for non-organic seed comes with 2–7% gross margin losses at the farm
level. Seed producers and breeders profit by 9–24%. Mitigating measures can be subsidies of 28 €/ha
or price premiums of 12 €/ton at the farm gate for durum wheat, in the case of durum wheat in Italy,
and subsidies of 13 €/ha or price premiums of 70 €/ton for lamb meat, in the case of perennial ryegrass
in England. Further mitigating measures are the promotion of farm-saved durum wheat seed and
investments in breeding for better nitrogen efficiency in organic perennial ryegrass seed production.
Keywords: organic seed; value chain analysis; agent-based modelling; policies; farm to fork strategy
1. Introduction
The governmental goal to increase the organic land area in Europe has become a
priority in the European Union (EU) policy agenda to facilitate a sustainable food system
transformation. An example is the Farm-to-Fork strategy of the EU [1], which sets the
ambitious goal to increase the organic land area in Europe by 25% by 2030. An essential
aspect in the organic value chain that needs to be tackled simultaneously is the increase
in organic seed use by organic farmers: a key principle of organic farming is that inputs
need to be organic, including seeds. This is an unresolved challenge of the organic sector
since organically multiplied seed use remains the norm for a small share of organic farmers.
For example, the use of non-chemically treated (NCT) non-organic seeds for important
cereals like barley and maize across the EU still lies between 25 and 44%; for legumes
like soybean and lucerne, the percentage ranges between 34 and 47% [2]. Addressing the
unresolved issues relating to the organic seed sector has become as relevant as the new
Organic Regulation (EC/848/2018), which will come into force from 2022 and envisages
that all derogations for non-organic seeds will be phased out by 2036 [3].
Insufficient organic seed supply has been a challenge since the implementation of the
EU organic regulation in 1992. To mitigate this, a derogation system (This system comprises
three different categories in which crop species and sub-species can be classified according
to their availability in organic quality: Category I = no derogations are possible; Category
II = single derogations are possible if desired cultivars are not available in organically
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multiplied quality; Category III = a general derogation applies, and the application for
the use of non-organic seed is not necessary.) was put into action, allowing farmers to
apply for the use of non-organic seeds. Although this permits the EU organic regulation
to be functional, it hampers at the same time the development of a market for organic
seeds [4]. In 2004, an attempt at phasing out the derogation system was made but not
followed through, as the risk of a severe seed shortage was apparent. Although it seems
that the organic sector generally acknowledges the need for coordinated interventions [5],
it seems unclear which interventions should be preferred.
In this paper, we shed light on the situation regarding organic seeds by focusing
on two key crops in two selected countries and the effects of seed system interventions
targeting increased organic seed use and production. After a descriptive analysis of the
status quo for the two case studies, we simulate and analyse potential policy and market
interventions as to their capacity to increase organic seed use and production. We focus
on specific crops and countries because the implementation of the EU organic regulation
concerning the derogation system regarding the categorisation of species and sub-species
differs between countries [4]. The chosen crops and countries are organic durum wheat
in Italy and perennial (per.) ryegrass intercropped with white clover in England. These
case combinations were selected for their importance in the respective organic crop sectors,
i.e., cereals and forage. Although the United Kingdom (UK) is no longer part of the EU
and the strategy regarding derogations has not yet been decided upon, the results of this
study can still serve as guidance to other countries with a large forage sector and similar
climatic conditions. A third case, which is beyond the scope of this paper, involves carrots
in Germany; this investigation examines the vegetable sector (for further information,
see [6]).
Currently, durum wheat is not in Category 1 in any country and is in Category 3
in Italy. In recent years, there has been a strong increase in derogations for untreated
conventional seeds, which is also related to the increase in the area used to grow organic
durum wheat. However, throughout the EU, the trend regarding derogations has been
increasing disproportionally (+55%) compared to the organic land area (+39%) [7]. Next
to the control and command measure of phasing out derogations, some policy schemes
are in place which voluntarily support organic seed use and production. The Estonian
government supports the use of certified organic seeds for cereals with a 20% premium,
with which the EU Common Agricultural Policy (CAP) area payments are topped up
for the area where organic seeds are used. In the Czech Republic and Slovenia, similar
measures have been put in place. In Lithuania, organic seed production is supported with
additional payments under the Rural Development Program (RDP) scheme. In Latvia,
training on seed production is offered to organic farmers [8]. For cereal seed production,
an additional endorsement of €273 per hectare is paid [7]. Issues arising when targeting
increased organic durum wheat seed production and use are the lack of suitable cultivars,
pests and diseases in organic seed production (e.g., common bunt), the derogation system
itself, and a lack of farmers’ training to produce farm-saved seeds [7]. One prospect to
make organic seed use more attractive could be the promotion of cultivars specifically bred
and thus particularly suitable for organic agriculture. An example of such a cultivar group
is Organic Heterogeneous Material (OHM). Some studies show that OHM can have high
yield stability and low external input needs, making them particularly suited for low input
systems [9,10].
As for the forage sector, forage crops are normally sown as mixtures, but there is not
a common rule across Europe: some countries consider the organic content in the seed
mixture as a whole, whilst others consider the organic content of each seed component
individually. In most countries such as the UK, Switzerland, France, Germany, and Belgium,
it is currently sufficient that an established share of seeds in the forage mixture is organic
(usually 70%) for the whole mixture to be considered organic. Perennial ryegrass is in
Category 1 only in Belgium, whereas no country has placed white clover in Category 1.
Perennial ryegrass is widely used in forage mixtures across Europe. It is often mixed with
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clover species. Data on derogations are provided as pooled data with derogation data for
Italian ryegrass. The aggregate data indicates the highest increase in derogations (ca. 90%)
for the two crops from 2014 to 2016 within the European forage sector [7]. Production of
organic forage seed is very limited in the United Kingdom, and most organic forage seed
is imported from Denmark and the Netherlands [7]. White clover in forage mixtures is
widely used across Europe too. Data on derogations, aggregated with red clover, indicate a
substantial increase of 72% from 2014 to 2016 [7]. Mentioned challenges that hamper the
increase in organic seed production and use are lower seed yields, less nitrogen efficiency,
and high prices for organic perennial ryegrass seed, compared to NCT. Additionally,
political insecurity concerning a potential phasing out of derogations is an issue. Lastly,
crops with a small share in mixtures are judged to be economically unviable to be produced
in organic quality [7]. The above-mentioned measures and bottlenecks serve as examples
for interventions towards increased organic seed use and production.
The evidence laid out above shows that challenges and, at the same time, promising
interventions to boost organic seed production and use are found at different levels of the
value chain, namely breeding, seed multiplication, farming, food industry, and govern-
mental level. Thus, a value chain perspective and analysis approach are needed to test
these interventions. Furthermore, a quantitative ex-ante approach can deliver a sound
economic assessment of different seed and breeding value chain interventions. Results
based on simulation models far outweigh the accuracy of extrapolation from existing
data [11]. Lastly, the decision-making of actors in the seed and breeding value chain,
e.g., which seed to use or produce, seems vital to analyse which intervention would trigger
such an uptake. The present study aims to close the knowledge gap on such methods,
which are lacking in the current science of analysis of value chains [12,13].
We, therefore, developed a systematic ex-ante value chain approach based on simula-
tion modelling and economic decision-making to assess the effects of interventions aiming
to increase organic seed use and production. Moreover, as individual actors with compet-
ing interests make the most relevant decisions in the seed and breeding value chain, we
depict those actors in a simplified multi-agent system. To summarise, this study addresses
a dual research gap: first, it presents a novel approach for quantitative ex-ante value chain
analysis; second, this approach is applied to test interventions aiming at increased organic
seed use and production, a topic where little information is currently available, and which
is of growing importance in the light of changing policies. This study is, to the best of
our knowledge, the first to model these issues in a systematic way to provide actors with
advice on the consequences of interventions in the organic sector.
The following section explains the model development in further detail, and data
collected for the agents and interventions are considered. The modelling results are then
presented. A discussion of the results and their implications on the organic seed sector
closes the paper.
2. Materials and Methods
2.1. Conceptual Framework of Modelling Approach
Europe’s organic seed value chain usually comprises five to seven stages, i.e., breeding,
seed multiplication, seed trading, farming, processing, wholesale, and consumption, mainly
depending on the crop of interest. For the simulation model, we focus on three value chain
stages: breeding, multiplication, and farming, as they are likely to be the stages where the
most important decisions take place. As a result, the following decisions taken at these
three stages are modelled endogenously:
• Farming stage: crops grown in the crop rotation and type of seed used, i.e., NCT/organic
seed, and from organic cultivar in some cases.
• Multiplication stage: type of seed and amount produced, i.e., NCT/organic seed,
and from organic cultivar in some cases.
• Breeding stage: the amount of basic seeds for conventional, NCT, or organic seeds
produced and marketed.
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Policy and food industry measures such as an introduction of a subsidy, or the decision
of the food industry to pay a higher product price, have been included as exogenous factors
in the model through scenarios. As regards the individual actors at each value chain stage,
only the enterprise processes for either wheat or forages are modelled as opposed to the
entire farm or company. This is most suitable for this model, as it is more resource-efficient
and focuses on relevant business branches and activities.
2.1.1. Decision Making of Actors
Breeding, seed production, and farming are activities conducted by actors driven
by economic considerations. Therefore, for each actor in the chain, a mathematical
programming-based algorithm is implemented with the goal of optimising individual
agents’ gross margins. We consider that gross margin optimisation as the main decision-
making driver is a valid assumption for the two cases at hand.
Mathematical Programming (MP) is used to simulate economically sound decisions
within a process [14–16]. An example for a simple linear programming (LP) model
(Equations (1)–(3)), as implemented for the value chain actors in this study, is demonstrated below:
Objective function (Gross Margin): max! z = ∑j cj xj (1)
Side constraint: ∑j ai,j xj ≤ bi for all i (2)
Side constraint: xj ≥ 0 for all j (3)
The objective value is ‘z’, in this case, the gross margin that is maximised as the sum
product of ‘c’ and ‘x’. The activities are represented by ‘x’ (such as growing different
crops, buying inputs, etc.), and ‘c’ represents costs and revenues of activities over the index
‘j’, indicating the different possible activities. The objective function is subject to several
side constraints, represented by inequalities of the products of activities and technical
coefficients ‘a’ (e.g., the amount of labour needed for one hectare of growing potatoes)
and ‘i’ given resource endowments b (e.g., land or labour endowment).
Optimised objective values for the farming and seed-producing agents are the gross
margins of organic carrot production and other crops in the crop rotation at the farm level
and gross margins of carrot seed production at the seed multiplication level. At the breeding
level, breeding agents optimise their breeding budget. The breeding budget is 10 to 30% of
the seed sales revenue, depending on the typical actor. The yearly breeding budget enters
the model as objective value at the breeding level because the typical breeding actors we
identified do not consider the gross margin at the breeding level but require a constant
breeding budget for research and development [6,17,18].
Exemplary LP decision tables for agents of each value chain level can be found in the
Appendix C, Tables A4–A6. An LP decision tableau is a standard method to represent sets
of equations in an LP model [14]. In these tableaux, decision variables (‘x’) are shown in
the first line, parameters representing technical coefficients (‘a’) can be found starting from
column 4, line 5, farm gate prices and costs (‘c’) (e.g., last two lines), and right-hand side
values (‘b’) (last column) are indicated. Values in round brackets are adjusted inside the
model. Bold values are agent specific. The tables give a comprehensive overview of the
type of data used in the model, as well as on the variability of parameters.
2.1.2. Interactions between Value Chain Stages and Actors
The simulation model is time-dynamic so that we can observe developments over
time. Eight modelling years are considered, which makes it possible to realistically model
e.g., a stepwise phasing out of derogations. Interactions between actors of different value
chain stages are based on sales of basic seeds. Compatibility of market sizes between the
different value chain stages is ensured through scaling factors, which consider economies
of scale. Furthermore, adaptive expectations [19] are implemented at the basic seed and
seed production levels. The seed producers and breeders adapt their sales expectations
and their basic seed and seed for farmers production based on former experiences. For this,
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growth expectation factors need to be calculated. These factors contain the value by how
much seed production can be increased after one modelling year, based on how much was
sold in that year. The growth expectation factors to allow seed producers to meet organic
seed demand have been obtained by a calibration process. In the case of durum wheat,
the seed producer can, at most, triple their production in one year, while the perennial rye-
grass seed producer can double their production each year. This calibration was conducted
using scenario 2 [Derog] (for more information, see Section 2.6, scenario development). This
can be justified by seed expert judgment that organic seeds could match demand in a step-
wise phasing out derogations scenario to leave enough time to identify suitable cultivars
for organic seed production. This calibration was then used for the further scenarios, as the
pace of the sector development can be assumed to be similar.
A sensitivity analysis was conducted by letting the model run ten times per scenario
with different seed values and triangular distributions of crop yields (wheat case, no data
available for per. ryegrass case) and prices (wheat and per. ryegrass case). The input data
for these distributions can be found in the Appendix A, Tables A1–A3. A basic chart of the
value chain model can be seen in Figure 1. This chart shows the different decision levels
and feedback loops in one modelling year.
Figure 1. Conceptual chart of value chain simulation model.
2.2. Typical Actors at Farm Level
As data availability at the farm level for durum wheat in Italy and perennial ryegrass
in England was limited, the published and established typical farm approach used by the
Agri Benchmark network managed by the Thünen Institute of Farm economics was used
to identify two typical production systems per case study crop [20,21]. “Typical” can be
described also with “representative” or “most common”. This means the described typical
farm exists in reality and is not e.g., an artificial average of all farms [21]. In statistical terms,
this is called the mode; the farm type that occurs the most in a distribution [22]. Moreover,
we established that at least approximately 50% of the focus crop should be produced on
these farm types in the selected regions.
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This approach has several advantages over other commonly used approaches. For example,
the issue of particularities and lack of generalization of individual farm data with small
or biased samples can be avoided [21]. Furthermore, it mitigates the issue of aggregation
bias that occurs when using average data for model parameterisation [22]. Generally,
the approach strives to combine sufficient data depth, consistency, and accuracy with
reasonable time and resource input for data collection [21].
We endeavoured to test the effects of policy and market interventions on typical
organic producers, covering at least the minimum of heterogeneity represented by two
different production systems for each of the two case study crops. To identify typical
production systems, the Standard Operational Procedure (SOP) as proposed in the typical
farm approach was applied as far as the identification and data collection of farm types
are concerned.
Firstly, regions and production systems were selected according to the following
criteria. A relevant region is a region with a large share of the agricultural area dedicated to
producing the focus crop or a high density of farms that produce the crop. More precisely,
the three indicators were considered to identify the area:
• Total area (ha) of organic focus crop production in the region.
• Share of organic focus crop area of total agricultural farm area in the region.
• Share of organic focus crop area per 100 ha surface area in the region.
One medium-sized and one slightly larger enterprise, both with gross margin or sales
revenue per focus crop farm enterprise close to the average of the farm population, were
chosen. For all the above-mentioned points, we proceeded hierarchically, i.e., starting with
the most specific (e.g., area of perennial ryegrass), and if this data was not available, we
verified the area of ryegrass in general, and so on. Subsequently, the further steps of SOP
data collection, data processing, and data cross-checking were conducted. The main criteria
after the identification of the regions where most of the focus crops are produced were
typical farm size, typical crop production system (crop rotation, input use), and typical
marketing channels. A more detailed description of the chosen typical systems can be
found in Section 2.5.
2.3. Defining Typical Companies and Initiatives at Seed Production and Breeding Levels
In both cases, typical breeding and seed production entities were identified. The approach
to depict typical processes was selected considering data availability and the limited
willingness of actors to share financial data. We defined a typical entity as a company or
initiative with a large market share in organic seed production and, if existing, organic
breeding. Typical economic entities were chosen as opposed to average entities to avoid
aggregation bias. Here, again, the mode of the distribution of existing firms, as opposed to
an artificial average firm, is identified [22]. Companies and initiatives that differ in size,
target market, financing strategy for organic breeding can be observed. The firm with the
most common combination of these criteria (mode) was chosen from these types.
2.4. Data
Typical farm data was collected through a series of stakeholder and expert interviews
between 2017 and 2020. Data from the Italian and English Farm Accountancy Data Network
(FADN) was reviewed and integrated, where appropriate (e.g., farm sizes and crop areas).
Similarly, typical breeding and multiplication data were obtained through stakeholder and
expert interviews between 2017 and 2020. An overview of the seed and breeding value
chain landscape of Italian organic durum wheat and English organic perennial ryegrass
production was obtained through a value chain mapping with the help of expert interviews.
In the case of Italy, this mapping revealed that several medium-sized companies and
cooperatives are involved in providing seed for Italian organic durum wheat production.
Two breeding and seed production companies shared detailed information on costs and
revenues, inputs and outputs of durum wheat breeding and multiplication, as well as
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bottlenecks in seed production, promising breeding goals, and scenarios to boost the
organic seed and breeding sector.
In the case of South-West England, the value chain actor mapping showed that around
eight companies are involved in providing seed for organic ryegrass growers (sheep farms).
These companies exhibit similar characteristics, so one typical company for the sector in
England was identified [7]. The identified companies and initiatives were contacted for
interviews. One internationally active breeding and seed production company with a
significant market share in the UK in perennial ryegrass seed production shared detailed
information on costs and revenues, inputs and outputs of breeding and multiplication,
as well as bottlenecks in seed production, promising breeding goals, and scenarios to boost
the organic seed and breeding sector.
2.5. Case Study Description
2.5.1. Case 1, Durum Wheat in Italy
Durum wheat was chosen as a case study focus crop since it is the key cereal crop
produced in the Italian organic sector with an extensive production area. In Italy, most
seed demand by organic farmers is met by untreated conventional seed, especially for the
most widespread arable crops, particularly durum wheat. The major providers of seed
and cultivars for the organic sector are international players, medium-sized breeding and
seed producers that are most active in Italy, and, to a limited extent, public institutions.
Farm saved seed plays a role as well as seed provision through farmers’ associations [7].
The area of organic durum wheat production in Italy amounts to around 141,129 ha [23].
According to an estimate, about 40% of the organic farmers in Southern Europe declare to
use their own seeds as a principal source of cereal seed for their farms [24]. More detailed
data for the case of Italy and durum wheat was not available at the point of time of our
data collection.
Farming: Based on the available data provided by the Italian (IT) Ministry of Agricul-
ture, two farms were selected: one typical farm for Southern and Central Italy. Based on the
available data provided by the Italian (IT) Ministry of agriculture, two main criteria were
used to select regions and locations. First of all, the IT regions in which the major part of
organic cereals is produced were identified. For this, regional distribution of organic land
under cereal production (%) was generated. Most of the organic cereal land is located in the
Southern and Central parts of Italy, with three regions (Apulia, Sicily, and Basilicata) cover-
ing almost 50% of the total land dedicated to organic cereal in Italy. We also considered
the regions with little organic cereal agricultural land but a high degree of specialisation
in organic cereals production, which were identified based on the share of organic cereal
in the total agricultural land (%). The most critical regions are Basilicata, Sicily, Apulia,
Marche, and Tuscany. Based on the results reported above, two main IT macro-regions
were identified for our analysis: macro-region 1, which includes two neighbouring regions
located in the Southern part of Italy (Apulia, Basilicata), and macro-region 2, which in-
cludes two regions in Central Italy (Marche and Tuscany). Once the macro-regions were
identified, we explored three main parameters related to the production system: farm size,
main enterprise, and farm performance. The chosen Southern Italian farm has a 60 ha
total farm size. This is the typical size for the chosen region, it is however relatively large
compared to Italian farms in other regions. The crop rotation is narrow: durum wheat, faba
bean, durum wheat, chickpea, green manure, durum wheat. The share of durum wheat
can reach up to 50% of the farm’s agricultural area. The main marketing channel is selling
to four or five big pasta manufacturers. In organic pasta production, one big company
dominates the market, and there are also a few smaller organic pasta makers.
Regarding the Central farm type, the farm size is smaller and the crop rotation wider.
The medium-sized farm is about 30 ha. The typical crop rotation includes alfalfa, emmer,
faba bean, durum wheat, sunflower, soft wheat, clover, and chickpea. Land for durum
wheat represents around 6 ha. The typical central farm type is more likely to be associated
with cooperatives. There are two particularly successful cooperatives in encouraging
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organic seed use that have the following measures in place: (a) collective seed purchase
reducing seed price, and (b) a pre-financing scheme where seed costs have to be paid only
once the durum wheat has been sold. These measures increase farmers’ liquidity. Other
administrative burdens are also taken from farmers and organised collectively, such as
choosing appropriate cultivars [25].
Seed multiplication: The organic arable seed sector is characterised by small to medium-
sized companies that multiply organic seed and sell it to retailers or directly to farmers’
cooperatives. In some cases, the same company also undertakes breeding, which is often
observed for medium companies handling soft and durum wheat (examples can be found
in Denmark, Germany, and Italy) [7].
The chosen company type for the simulation model for durum wheat seed production
has the following profile according to the criteria defined in Section 2.3. The governance
model is a shareholder-owned company, and its financing strategy for seed and breeding
is re-financing its breeding activities through commercial seed sales. The target market is
primarily national. Not chemically treated and chemically treated organic seed is produced.
It has an integrated breeding department. More information on the seed production and
breeding type can be found in Appendix B.1.
2.5.2. Case 2, Perennial Ryegrass in England
Forage crops (grass, clover, and herbal crops) represent an important crop sector
in the UK, with temporary pasture being the second most important crop grown after
permanent pasture, on about 92,000 ha and 330,000 ha, respectively [26]. The production of
organic forage seed is limited in the United Kingdom. Most organic forage seed is imported
from a few foreign companies operating internationally. Furthermore, organic breeding
and breeding for organic in the forage sector is very limited. Conventional breeding is
conducted by the private and public sectors alike.
In this case study, an intermediate product in the form of forage is investigated,
meaning that there is no farm gate price of the product, i.e., perennial ryegrass, used to feed
livestock. Changes in the farm-gate price for milk or meat or the price of alternative feed
sources can be used to model farmers’ decisions. In this case, we use the price for organic
lamb meat. Ryegrass was considered and modelled in a less complex mixture with white
clover, often used in England’s rotational grazing. More information on the procedure can
be found in Appendix B.2.
Farming: Farmers usually grow mixtures of several forage species and varieties, mak-
ing it challenging to find organic seed for all the crop species and varieties needed in
the mixture. We decided to focus on perennial ryegrass grown in a mixture with white
clover since, based on expert interviews, perennial ryegrass is one of the most common
grasses grown throughout the UK. It is most likely to find organic perennial ryegrass in the
South West of England because of the high concentration of organic farms and pasture [26].
Therefore, the main counties considered are Devon, Dorset, Somerset, and Cornwall.
The total organic grazing area in these four counties amounts to around 6000–7000 ha,
and the number of organic sheep farms is about 500–600 with a total of 200,000 sheep [26].
We adopted an established system for this study to discriminate the grazing farming
systems, which distinguished between lowland (LL) and upland (UL) grazing systems.
The main differences between the two chosen typical sheep meat production systems are
the following. The typical LL grazing system has a farm size of 88 ha, of which 81 ha is
dedicated to grazing. It holds 73 grazing livestock units. The typical UL grazing system
has a farm size of 194 ha, of which 176 ha is dedicated to grazing, holding 126 grazing
livestock units. LL grazing systems have a higher seed need than UL grazing systems as
they need to be re-planted every three years, whereas UL can be re-planted after five years.
Furthermore, organic lamb meat produced in UL grazing systems can obtain a slightly
higher price than lamb meat produced in an LL grazing system. Both systems are common
in the chosen area and thus are represented in the simulation model.
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Seed multiplication: The company considered in this study for data collection and
modelling for ryegrass seed production has the following profile according to the cri-
teria defined in Section 2.3. The governance model is a shareholder-owned company,
and its financing strategy for seed and breeding is re-financing of own breeding activities
through commercial seed sales. The size of the company is large, and its target market is
international. Not chemically treated and chemically treated organic seed is produced in
the breeding department. More information on the seed production and breeding type can
be found in Appendix B.2.
2.6. Scenario Development
Promising scenarios were identified during stakeholder interviews in the period
of 2018 to 2019 and a workshop with organic crop experts for the respective cases for
scenario development [7]. Scenario identification, assumptions, and data collection for
scenarios were part of the stakeholder interview, as explained in more detail in Section 2.4.
The chosen scenarios per case and the assumptions that are made are as follows:
Durum wheat:
• Stepwise phasing out of derogations for the use of non-organic seed at farm level
(one-year steps) [Derog-Wheat].
• Organic durum wheat farm gate price premium per ton of organic seed use at farm
(product) level [Prce-Wheat].
• Subsidy for organic seed use at farm (hectare) level [Subs-Wheat].
• Promoting organic farm-saved seed use [SavedS].
• Promoting the use of organic heterogeneous material (OHM) and testing a price
premium with the option to use OHM [OHM].
Perennial ryegrass:
• Stepwise phasing out of derogations for the use of non-organic seed at farm level
(one-year steps) [Derog-Forage].
• Organic lamb meat farm gate price premium per kg for organic seed use at farm
(product) level [Prce-Forage].
• Subsidy for organic seed use at farm (hectare) level [Subs-Forage].
• Breeding goal “10% organic seed yield increase”: Investment in breeding for higher
nitrogen efficiency at perennial ryegrass seed production level, e.g., funded through a
public-private partnership [HseedY].
For each scenario, some assumptions were made, as shown in Tables 1 and 2 below:
Table 1. Scenarios and assumptions of Case 1.
Scenario Assumptions
1. Baseline [Bsl-Wheat]
2. Stepwise phasing out of derogations
at farm level to use organic seed
[Derog-Wheat]
Adaptive expectations mechanism:
Growth expectation factor equals 3
Stepwise phasing out of derogations for NCT seed
Yearly steps: Year 1: 80% NCT seed allowed per farm, year 2:
50%, year 3: 30%, year 4: 0%
3. Organic durum wheat farm gate
price premium per ton for organic
seed use [Prce-Wheat]
Adaptive expectations mechanism:
Growth expectation factor equals 3
Different levels of price premiums are tested. The goal of this
process was to identify price premium levels that induce farm
agents to adopt organic seed
4. Subsidy for organic seed use at farm
(ha) level [Subs-Wheat]
Adaptive expectations mechanism:
Growth expectation factor equals 3
Different levels of subsidies are tested. The goal of this process
was to identify subsidy levels that induce farm agents to adopt
organic seed
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Table 1. Cont.
Scenario Assumptions
5. Promoting organic farm saved seed
use [Bsl-Wheat] + [SavedS]
Own seed production at farm level is possible with a seed
replacement rate of 0.3
6. Scenario 2 and 5
[Derog-Wheat] + [SavedS]
No new assumptions
7. Scenario 3 and 5
[Prce-Wheat] + [SavedS]
No new assumptions
8. Scenario 4 and 5
[Subs-Wheat] + [SavedS]
No new assumptions
9. Promoting organic farm
saved seed use in OHM
[Bsl-Wheat] + [SavedS] + [OHM]
Own OHM seed production at farm level is possible with a
seed replacement rate of 0.3
10. Scenario 3, 9 and 12
[Prce-Wheat] + [SavedS] + [OHM]
No new assumptions
The unique scenario names are bold and in italics.
Table 2. Scenarios and assumptions of Case 2.
Scenario Assumptions
1. Baseline [Bsl-Forage]
2. Stepwise phasing out of
derogations at farm level to use
organic seed [Derog-Forage]
Adaptive expectations mechanism:
Growth expectation factor equals 2
Stepwise phasing out of derogations for NCT seed
Yearly steps: Year 1: 80% NCT seed allowed per farm, year 2:
50%, year 3: 30%, year 4: 0%
3. Organic lamb meat farm gate
price premium for organic seed
use [Prce-Forage]
Adaptive expectations mechanism:
Growth expectation factor equals 2
Different levels of price premiums are tested. The goal of this
process was to identify price premium levels that induce farm
agents to adopt organic seed
4. Subsidy for organic seed use at
farm (ha) level [Subs-Forage]
Adaptive expectations mechanism:
Growth expectation factor equals 2
Different levels of subsidies are tested. The goal of this process
was to identify subsidy levels that induce farm agents to adopt
organic seed
5. Condition “10% organic
seed yield increase”
[Bsl-Forage] + [HseedY]
Farm level: Seed price reduction of 8.7% for the organic mixture
Multiplication level: Accomplishment of 10% seed yield increase
of organic perennial ryegrass seed as a breeding goal
6. Scenario 2 and 5
[Derog-Forage] + [HseedY]
No new assumptions
7. Scenario 3 and 5
[Prce-Forage] + [HseedY]
No new assumptions
8. Scenario 4 and 5
[Subs-Forage] + [HseedY]
No new assumptions
The unique scenario names are bold and in italics.
3. Results
The modelled organic crop area is held constant over the eight years modelled so that
effects of interventions can be compared to the baseline without having to account for crop
area increase. Thus, the effects of a growing organic area are excluded from the following
results presented.
The results on gross margins and breeding budgets presented in this section are
calculated from the last three years modelled (years six to eight). The organic seed amounts
indicated are also the averages of these years.
The levels of subsidies and price premiums were calculated in an iterative process of
simulation model results. This process aimed to identify subsidy and price premium levels
that would lead farm agents to adopt organic seed or cultivars.
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3.1. Modelling Results of Case 1, Durum Wheat in Italy
Scenario 1: Baseline.
We use a simplified model including only two farm agents. Thus, we implemented
a baseline of zero organic seed use for both farm agents. This represents the majority
of farms, as around 65% NCT seed is used across the farm population of the overall
seed use. The average yearly gross margins (GM) at the farm enterprise level is € 26,528,
the yearly average gross margin at multiplication level for conventional untreated seed
(seed production only, excluding processing and marketing, etc.) is € 247,208, and the
average yearly breeding budget for durum wheat is € 248,477. These figures are close to the
figures collected from the companies and thus act as realistic baseline values to compare
scenario outcomes. In Table 3, the results of different scenarios can be seen relative to
the baseline.






























5.75% 15.87% 10.44% 100.58% 2,465,428.62 0.01
Subsidy
(28 €/ha) (4) 21.19% 17.76% 10.23% 101.12% 1,937,063.92 0.01









0.47% 9.33% 10.39% 99.24% 63,848.18 0.24
Subsidy
(15 €/ha) (8) 0.47% 9.33% 10.39% 99.24% 63,848.18 0.24








18.99% 110.77% 13.86% 96.67% 1,152,591.70 0.01
Scenario 2: Command and control approach to derogation phasing out.
If derogations were to be phased out in three steps (Year 1: 80% NCT seed allowed
per farm, year 2: 50%, year 3: 30%, year 5: 0%), the farmers would still have to bear the
burden of additional seed costs. This would cause an average 1.5% loss in gross margin at
the farm enterprise level. If 100% organic seed is achieved, the typical seed producer has
Sustainability 2021, 13, 13326 12 of 26
an increase in gross margin by 15% and the breeding department by 10%. The estimated
development of the organic durum wheat seed taken up under such a derogation scheme
can be seen in Figure 2. The results shown in this figure are scaled up to the regional level
and therefore need to be considered cautiously, as we only modelled the decision-making
of the two typical farms.
Figure 2. Scenario 2: Development of organic seed use in a modelling period of five years under a stepwise phasing out of a
derogations scheme.
Scenarios 3 and 4: Voluntary measures to incentivise organic farmers to use organic seed.
Measures to support farmers to bear the additional costs for organic seed in the short
term can be increasing farm-gate prices or providing farm subsidies. The outcomes of these
scenarios can be seen in Table 3, rows 2 and 3. With a €12 increase per ton of organic durum
wheat sold, both farm types would be compensated for the additional seed costs.
The same effects along with the durum wheat seed and breeding value chain are
obtained with an area subsidy for using organic seed of €28 per hectare for both farm types.
Regarding the cost-effectiveness of these interventions, on average, 7.7 kg per € subsidy
can be incentivised, up to 100% organic seed use by both farm agents considered here.
These measures could smooth a transition to 100% organic durum wheat use. There
are no losses because of seed shortages. According to the expert interviewed, organic
durum wheat seed production is not substantially restrained by technical difficulties.
However, some time needs to be allowed to find suitable varieties for organic agriculture,
so an immediate 100% phasing out is not advisable.
Scenario 5: Farm saved organic seed.
Farm saved seed is an essential part of the strategy to obtain 100% organic seed. This
is especially relevant in crops where farmers’ own seed production is relatively straight-
forward, such as many kinds of cereal. However, pests and diseases like smut in cereals
pose some challenges for on-farm seed production. Training for own seed production, pest
management, and promotion of smut-resistant cultivars should be considered. On-farm
seed production represents a realistic option to decrease costs for farmers and boost organic
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seed use. If appropriate measures are taken, farmers would have the know-how to manage
pests and diseases and the necessary processing and storage facilities.
Within the model, if the two typical farms are given the option to produce and use
farm-saved seed, both types produce their own seed. As we assumed a seed replacement
rate of around 0.33 (see Table 1), the typical farms buy the necessary seed from the seed
and breeding actors, choosing NCT seed. The average yearly gross margin (GM) at the
farm enterprise level is €26,695, which is slightly higher than the baseline value without
the option to use and produce farm-saved seed. The yearly average gross margin at
multiplication level for conventional untreated seed (seed production only, excluding
processing and marketing, etc.) is €247,208, and the average yearly breeding budget for
durum wheat is €248,477. These figures are close to the figures collected from the companies
during interviews. The figures are thus realistic baseline values against which scenario
outcomes can be compared.
Scenario 6: Command and control approach for non-organic seed use with the option
for the farmer to save own seed (farm-saved seed).
If derogations were to be phased out in three steps (Year 1: 80% NCT seed allowed
per farm, year 2: 50%, year 3: 30%, year 5: 0%), the farmers would have to bear the burden
of additional seed costs, which would amount to an average of 2.5% loss in gross margin
at the farm enterprise level. Even though this loss through organic seed use is bigger in
percentage than the loss through organic seed use without own seed production, the total
gross margin is nevertheless higher with own seed production. If 100% organic seed is
obtained, the typical seed producer and the breeding department both have a 10% increase
in gross margin.
Scenarios 7 and 8: Voluntary measures to incentivise organic farmers to use organic
seed when promoting farm-saved seed with organic seed.
Measures to support farmers with the additional costs in the short term can be increas-
ing product prices or providing farm subsidies. The outcomes of these scenarios can be
seen in Table 3, rows 5 and 6. With a €0.3 increase per ton of organic durum wheat sold,
the farms would be compensated for the additional seed costs.
The same effects along with the durum wheat seed and breeding value chain could be
obtained with subsidies for using organic durum wheat basic seed and producing their
own organic seed of €15 per hectare for both farm types. Regarding the cost-effectiveness
of these interventions, 0.24 tons per € subsidy on average can be incentivised up to 100%.
Scenario 9: Introduction and promotion of Organic Heterogeneous Material and
farm-saved seed.
A further proposed intervention is the encouragement to use organic heterogeneous
material (OHM). OHM is broadly defined in the New Organic Regulation 2018/848/EU
as ‘material with a high level of genetic diversity, intended for the market and for which
DUS criteria (Distinctness, Uniformity, and Stability) are not applicable (New Organic
regulation 848/2018). OHM is generally more resilient in low input systems, as there
is high yield stability and fertilisers are unnecessary. According to our case study data
collection, however, overall yields associated with OHM are 10% lower than the yield of
prevalent non-OHM cultivars. It is supposed that farmers choosing OHM would save their
own seed for re-planting. Furthermore, it seems most realistic that a price premium for
OHM seed use would be implemented by a trader or a cooperative instead of a subsidy
implemented by the government. The results from the modelling of this scenario in Table 3,
row 7 show that, if farmers were to produce OHM seed themselves, a price premium for
OHM durum wheat of € 12 per ton (with a seed replacement rate of 0.3) would be sufficient
to incentivise farmers to use OHM seed. For seed producers, this would mean a substantial
increase in gross margin (Table 3, row 7, column 2), which makes producing OHM seed
quite attractive if the two typical farms are incentivised to grow OHM through the price
premium. In Figure 3, the GMs at the farm level across all scenarios can be seen.
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Figure 3. Average gross margins in € per ha and confidence intervals (95%) calculated by sensitivity analysis (ten model
runs with triangular distributions over yields in ton/ha and farm gate prices €/ton at farm level).
3.2. Modelling Results of Case 2, Perennial Ryegrass in England
Scenario 1: Baseline.
In the baseline scenario, none of the simulated actors produce or use organic seed.
The average yearly gross margin at the farm enterprise level is € 48,410. The gross margin
at multiplication level for conventional untreated seed (seed production only, excluding
processing and marketing, etc.) is €28,577,976, and the breeding budget for perennial
ryegrass is €1,013,487. These figures are close to the figures obtained during data collection
and are therefore acceptable as baseline values.
Scenario 2: Command and control approach to derogation phasing out.
In Table 4, the results of different scenarios can be seen relative to the baseline.
As shown in the first row of Table 4, if derogations were to be phased out in three steps
(Year 1: 80% NCT seed allowed per farm, year 2: 50%, year 3: 30%, year 5: 0%), the farmers
would have to bear the burden of additional seed costs, which would amount to an average
of 7% loss in gross margin. If 100% organic seed use is achieved, the typical seed producer
increases gross margin by 23.5% and the breeding department by 13.7%. This shows that
producing organic seed for perennial ryegrass can be an attractive business opportunity
if seed usage is controlled by regulatory instruments such as a mandatory phasing out
of derogations (even with a stepwise approach). The estimated development of the 70%
organic seed mixture taken up under such a derogation scheme can be seen in Figure 4.
The results shown in this figure are scaled up to region level.
Scenarios 3 and 4: Voluntary measures incentivising farmers to use organic seed.
Measures to support farmers to afford the additional seed costs in the short term can
be increasing farm-gate prices or providing farm subsidies. As indicated in rows two and
three of Table 4, with a 6-pence price increase of lamb meat, both farm types would be
compensated for the higher seed price, leading to an approximate 90% increase in organic
seed use. The same effects along with the perennial ryegrass seed and breeding value chain
can be achieved with an area subsidy of €13 per hectare for both farm types for 70% organic
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seed use in the mixture containing white clover and perennial ryegrass. With a € 1 subsidy
or higher product price, 1.62 tons organic mixture can be incentivised up to 90% of the
entire pasture area (rows 2 and 3, column 7).























−6.61% 23.54% 13.68% 100% n/a n/a
Organic seed
price premium
(0.07 € per kg
lamb) (3)
34.91% 21.18% 12.31% 90% 62,634 1.62
Subsidy
(13 €/ha) (4) 34.91% 21.18% 12.31% 90% 62,634 1.62
Higher nitrogen efficiency 10% organic seed yield increase at multiplication level
(and then translated into a lower seed price at farm level)
Without further




−3.33% 10.61% 11.09% 100% n/a n/a
Organic seed
price premium
(0.04 € per kg
lamb) (7)
21.36% 10.61% 11.09% 90% 33,930 2.99
Subsidy
(6 €/ha) (8) 21.36% 10.61% 11.09% 90% 33,930 2.99
Figure 4. Scenario 2: Development of organic seed use in a modelling period of five years under a
stepwise phasing out of derogations scheme.
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These measures would smooth the transition to 70% of organic seed use in 100% of
the seed mixtures purchased and sown by the organic farmers in the region considered.
No substantial losses are expected because of seed shortages, according to the experts
interviewed. In the used mixture, only perennial ryegrass must be organic, and only 70% of
it. Ryegrass makes up 87.5% of the entire mixture. Compared to other crops such as many
vegetable crops, perennial ryegrass seed production seems less restrained by technical
difficulties. The typical seed producer and breeder are expected to achieve a gross margin
increase of around 20%.
Scenarios 5 to 8: Higher nitrogen efficiency in the seed multiplication stage as a
breeding goal.
In order to find solutions for the longer term, seed yield increase through improved
nitrogen utilisation at seed production level was identified as a key breeding goal (Condi-
tion: “10% organic seed yield increase”). This could have the effect of reducing organic
seed prices. The results of these scenarios are in Table 4, rows 4 to 7.
Regarding the financing strategy for such a breeding program, Switzerland has one
example of a public-private partnership that makes it possible to pursue breeding goals
specifically for organic agriculture. Based on expert interviews, we assume that improved
nitrogen utilisation at the seed multiplication stage would bring about a 10% organic seed
yield increase, a price reduction of organic seed mixture at farm level of 8.7%, and a 10%
reduction for organic ryegrass seed price (revenue per seed) at the multiplication level.
As the resulting price reduction of 8.7% would not be sufficient to lead farmers to adopt
organic seed use voluntarily, some policy schemes are justified.
In this scenario, a phasing out of derogations would only amount to a loss of around
3.3% in gross margin at the farm level. The gross margin and breeding budget would increase
less than without this investment in breeding, but still, they would increase substantially.
If the breeding goals were successfully implemented, the farm subsidy and price
premium to achieve 90% organic seed use would be substantially lower than the other
scenarios, corresponding to € 6 per ha or 4 cents per kg of lamb meat. The measures would
be approximately twice as cost-effective as the measures without the seed yield increase.
In Figure 5, an overview is provided of the average farm enterprise gross margins per ha
and year across the scenarios. Regarding the seed producer, there is still an increase of
around 10% in their gross margin with the reduced seed price.
Figure 5. Average gross margins in € per ha and confidence intervals (95%) calculated by sensitivity
analysis (Ten model runs with triangular distributions over lamb prices in €/ha at farm level).
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4. Discussion
Organic durum wheat model: According to our results relating to the organic durum
wheat case study in Italy, phasing out of derogations within a few years seems to be a
realistic policy goal. Seed companies would likely be able to supply a sufficient amount of
organic seed. Nevertheless, a former study [7] emphasises that some time is likely to be
necessary for the transition to find suitable cultivars for different climatic conditions and
soil types. Therefore, derogations should be phased out gradually. Furthermore, farmers
should be supported in farm seed production. Measures providing farmers with training
for their own seed production, pest management, and the promotion of smut-resistant
cultivars are recommended to support the transition to 100% organic seed use [7]. If farmers
can produce at least part of their own seed need, 100% organic seed, or nearly 100%, can be
achieved without substantial loss in gross margins at the farm enterprise level (2.5% on
average if farmers produce with a 0.3 seed replacement rate). Moreover, a subsidy of €15
per hectare of durum wheat to incentivise own organic seed production could support the
transition further. In both Southern and Northern Italian farm types, the current level of
subsidies for durum wheat ranges from a minimum of €220 per hectare to a maximum of
€258 per hectare [27,28].
Some studies argued that the use of OHM could be a promising way to move towards
organically bred cultivars well suited for organic agriculture. OHM has high yield stability
and a low external input need, which is advantageous in low input farming systems
and is particularly suited for climate change adaptation [9,10]. However, it is likely that
the approach used in this study does not show all the possible advantages of OHMs as
only two farms of an average to high productivity are examined in accordance with the
Agribenchmark approach [20]. The advantages of OHM are likely to be seen more clearly
if farms in more marginal regions and consequently of lower productivity were considered.
As yields are somewhat lower on average in the investigated typical farms, the uptake
at the farm level would need to be incentivised with a price premium for durum wheat
OHM of € 13 per ton if farmers produced most of their own OHM seed. Implementing
such a measure at the cooperative level seems more realistic, as cooperatives in the sector
are widespread in Italy, and there are already examples where they promote the use of
particularly suitable cultivars and seed types.
According to our modelling results, the investigated organic durum wheat seed
multiplier can increase their gross margin by 9–18% if they produced organic seed as
opposed to NCT seed and by 110% if they produced OHM seed as opposed to NCT seed.
However, definite political commitment to increasing organic seed use is critical for seed
producers [29]. Next to policies at the country level, promoting cooperation or POs are
promising policy instruments to induce farmers to use organic seed and cultivars and
induce breeders to breed for organic agriculture [30]. Furthermore, some medium-sized
breeding companies have taken up OHM breeding, indicating that this could be a way
forward for more breeding for the organic sector. It seems to be a profitable business branch
for seed producers if demand at the farm level is stimulated.
Organic perennial ryegrass model: Implementing a farm subsidy of €13 per ha of pasture
would encourage farmers to start using organic seeds for perennial ryegrass voluntarily in
the short-term, covering the additional costs for organic seeds. Phasing out of derogations
would substantially increase costs for organic lamb producers, on average by 6.6%. In the
longer term, the inclusion of a seed yield increase as a breeding goal of around 10% is
recommended to reduce organic seed costs by 50%.
According to expert estimations, perennial ryegrass seems to be sufficient availability
or at least the capacity to produce enough organic seed. However, an identified difficulty
seems to exist concerning the rest of the grass mixture. Clovers may also still be sufficiently
available, but there is a trend towards more diversified mixtures that are more resilient
than simpler mixtures in terms of climate robustness or similar issues [31]. With very
small shares in the mixtures of some crop species and cultivars, financing organic seed
production and breeding activities for minor crops would be a challenge. Consequently,
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there is a trade-off between obtaining 100% organic seed in forage mixtures and resilient
grazing systems. At least for the short to middle term, a solution is to continue allowing
70 to 90% of organic seed in the mixture. According to our modelling results, the investi-
gated organic perennial ryegrass seed multiplier can increase their gross margin by 21–24%
if they produced organic seed as opposed to NCT seed.
A public-private partnership like that in place in Switzerland could be a promising
approach to fund organic breeding for perennial ryegrass and other components in forage
seed mixtures. This financing strategy could facilitate achieving breeding goals, such as a
higher nitrogen efficiency, as was modelled in this study. In this financing model, costs and
tasks are shared by a public institution and a medium-sized seed company [32]. It could
further be important if organic breeding for crops with a very small share in the seed
mixtures should be taken up. In general, an increase in public investment in organic plant
breeding seems advisable. Other promising financing strategies that have been identified
for organic breeding, such as a value chain pool funding financed by the food industry,
or funding by cooperative structures, rely heavily on the voluntary engagement of value
chain actors [33] and are thus uncertain.
Some limitations of this study need to be mentioned. In the baseline, none of the
simulated actors produce or use organic seed. Selling organic seed would be more prof-
itable for the seed company; however, there is no demand on the farm side. Thus, the seed
company does not produce any organic seed. This does not reflect the actual situation,
as around 35% of organic seed use by organic durum wheat producers has been estimated
in Italy. However, the simplified model structure does not allow for calibration accord-
ing to organic seed use across the farm population, as only two farms are considered.
The simplified model structure needed to be adopted due to data limitations. Such a cali-
bration could be conducted if the entire farm population was modelled [6]. Furthermore,
although the decision-making of all typical actors in the seed and breeding value chain is
captured, the model cannot depict much heterogeneity at the different levels. This could be
solved by including a full agent-based approach where all actors are modelled individually.
However, this is only possible where a high level of detail in data is available, which was
not the case in this study. Constant market size and distributions of yields and prices
over the modelling period are further simplifications. This means that possible external
market effects or unexpected shocks are not considered in the study. As these effects are
challenging to predict with any reasonable certainty and beyond the research interest, they
are disregarded for the sake of parsimony.
To the best of our knowledge, this is one of the first studies to integrate all three levels
of the seed value chain (farming, seed multiplication, and breeding) for the organic sector
into one consistent optimisation-based simulation model. The results of this study are
particularly relevant as the New Organic Regulation 848/2018, which enters into force in
2022, and derogations for the use of non-organic seed in Europe are planned to be phased
out by 2036. This is the first study to systematically analyse the consequences of these
planned interventions in the necessary degree of detail. Moreover, to be able to realise
ambitious policy goals, as formulated in the farm to fork strategy, where a 25% increase of
the organic agricultural land share is the aim by 2030 [1], the availability and use of organic
seed must be considered essential [29].
5. Conclusions
Our modelling study proves that the phasing out of derogations for the use of NCT
causes gross margin losses at the farm level, however, the gross margins remain positive
in the two case studies investigated. At the same time, an increase in gross margin at
seed production and breeding levels can be observed in both cases. The extent of these
losses or gains differs based on several factors such as seed price of the crop and cultivar,
and how difficult producing seeds under organic conditions is. For example, seed compa-
nies could incur losses with seeds that are more difficult to produce organically than wheat
or ryegrass. An example of this is represented by wash/storage carrots in Germany, where
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we conducted a similar study using the same modelling approach [6]. Overall, as results
are very much crop and country-dependent, future research based on case studies that take
these unique aspects into account is valuable in developing a roadmap to increase organic
seed use.
Another important conclusion of our study is that a combination of public inter-
ventions is justified and needed to smooth the transition to increased organic seed use.
The market alone is not likely to deliver 100% organic seed use. Amongst the public
interventions that we looked at, the provision of farm subsidies is advisable to compensate
farmers for their losses. The support of farm-saved seed through training and research in
breeding is also recommended to improve organic seed production and supply capacity.
From a market perspective, a price premium can help farmers bear the additional costs
of organic seeds. However, price premiums are subject to a willingness to pay by the
downstream actors and are therefore recommended in association with the voluntary use
of organic cultivars and private labels. To the best of our knowledge, this study is the first
to analyse the economic performance of typical seed and breeding value chains in two case
studies with a novel multi-agent value chain approach. The results of this study furnish
evidence-based insights into changes resulting from planned policy interventions in the
rapidly growing organic sector.
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Wheat Alfalfa Sunflower Barley Emmer
Southern Min 337.92 337.92 295.68 580.80 337.92
Southern Mode 422.40 369.60 422.40 726.00 726.00
Southern Max 464.64 464.64 406.56 798.60 464.64
Central Min 360.00 360.00 28.00 370.00 360.00 70.00 400.00 420.00
Central Mode 450.00 450.00 480.00 450.00 450.00 90.00 30.00 90.00
Central Max 500.00 500.00 34.00 800.00 500.00 110.00 550.00 560.00
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Wheat Alfalfa Sunflower Barley Emmer
Southern Min 2.3 1.6 1.5 1 2.1
Southern Mode 2.8 2.3 1.8 1.4 3.3
Southern Max 4.5 2.7 2.6 2 4.4
Central Min 3 2 1.5 1.2 2 5 1.4 2
Central Mode 3.5 2.7 2 1.5 2.5 7 1.8 2.5
Central Max 4 3.4 2.5 1.8 3 8 2.2 3
Table A3. Perennial ryegrass case: Farm gate prices for lamb in €/ha pasture (Modi, minima, maxima)
used for sensitivity analysis.





Appendix B.1. Additional Information on the Typical Actors of Case 1, Durum Wheat
Seed multiplication: Data was collected from one company representing this type. Re-
ported differences in costs between NCT and organic seed are mainly at the seed production
level, as organic seed production has 40% lower yields. However, with the possibility to
charge a higher price for organic seed, the company finds it slightly more profitable to sell
organic than NCT seed.
Breeding: The majority of the breeding companies focus their activities on the needs of
conventional farmers, and the selection is conducted solely under non-organic conditions
(i.e. no particular breeding program for organic) or the breeding program for organics is
shared with conventional. Nevertheless, as some of these varieties may perform relatively
well under organic conditions, the breeding companies are usually investing in post-release
organic variety testing to understand which varieties may be selected for multiplication
under organic conditions.
There is a yearly breeding budget of around €200,000 for durum wheat, both non-
organic and organic. Breeding activities are usually re-financed through royalties or levied
on the seed price of a protected variety. The company produces around one new durum
wheat cultivar yearly to stay competitive. It needs around 55,000 ha of durum wheat to
re-finance its operations. The organic market it currently supplies makes up about 20% of
this area. This shows that breeding activities solely for organic agriculture could not be
sufficiently financed.
There are no organic breeding activities so far in Italy. However, some initiatives are
likely to be started in the near future (e.g., a cooperation with the Swiss organic cereal
breeding initiative Getreidezüchtung Peter Kunz and the CREA-CER: Centro di ricerca per
la cerealicoltura). However, there are some attempts at breeding heterogeneous material,
which is considered especially suited for organic agriculture.
Appendix B.2. Additional Information on the Typical Actors of Case 2, Perennial Ryegrass
Seed multiplication: Seed multiplication for perennial ryegrass occurs mainly in North-
ern and Central European countries, representing the most commonly used forage grass
in many pasture seed mixtures. It is often sown in short-term leys (temporary grassland)
together with clover and other forage species.
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The interviewees reported some technical/agronomic issues in the multiplication of
perennial ryegrass under organic compared to non-organic conditions. One of the essential
problems is the difficulty to provide adequate nutrient supply, especially nitrogen, resulting
in lower seed yields. Thus, this aspect was taken up as a scenario in this study. [34]. Overall,
seed companies reported between 20% and 40% lower yields for organic compared to non-
organic production, with reductions. The scientific literature on this is limited to research
conducted in Denmark years ago, which reports a yield reduction in organic perennial
ryegrass seed production of approximately 25% compared to conventional [34,35].
The chosen company type represents an important player in the UK organic forage
seed market. Reported differences in costs between not chemically treated and organic
seed are mainly at seed production level because of lower seed yields. Furthermore,
higher labour costs for manual weeding in organic seed production is another critical
factor. However, with the possibility of charging a higher price for organic seed mixtures,
the company finds it more profitable to sell organic than NCT seed provided that they are
able to match the demand in terms of seed amount and variety request.
Breeding: A few multinational seed companies fund their own (non-organic) breeding
programs for forage through seed sales. This is the case of the non-organic breeding
activities carried out for the most common species (particularly perennial ryegrass, white
clover and red clover), which have the biggest market share within the forage sector.
The only European breeding programs for organic farming in the forage sector we were
able to identify are conducted by a public research institute in Switzerland. These organic
breeding programs include both clover and grass species. The programs’ goals focus on
disease resistance, competitiveness against weeds, high yields under low nitrogen inputs.
The financing model of this specific case is based on a partnership between the research
institute and a small-medium seed company, where the research institute is responsible for
the fundamental breeding work. The company then organises the registration, enlisting
in the national variety list, and the basic seed production. Public funding and revenues
from royalties constitute the basis of the breeding and registration of varieties. The seed
of the most suitable varieties is multiplied under organic conditions and commercialised.
As mentioned above, in the UK, most grass mixture seed is imported from larger seed
production and breeding companies. Thus, such an actor was chosen in the simulation
model. Breeding is part of the seed company. There is a yearly breeding budget of around
1 Mio € for perennial ryegrass, both conventional and organic. There are no specific
breeding activities for organic ryegrass production. The company produces three to five
new perennial ryegrass cultivars yearly to stay competitive. It needs around 2.67 Mio ha of
perennial ryegrass to re-finance its operations. The organic market it currently supplies
makes up 17% of this area. This shows that breeding activities solely for organic agriculture
could not be sufficiently financed.
Appendix C.
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Table A4. Simplified matrix overview of the MP decision-making model at farm level.
Activities X1 to Xn










































































C.T. TGM Rel. RHS b1
to bn
Years yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2
Unit ha ha ha ha t t t ha ha ha t t t t t € € ha ha ha ha t t t ha ha ha t t t t t € €
Obj. function 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Land constr. yr1 ha 1 ≤ R
Main CR constr. yr1 ha −1 1 1 1 1 1 1 ≤ 0
Specific CR
constr. 1
yr1 ha −A 1 1 1 ≤ 0
Specific CR
constr. 2
yr1 ha −A 1 ≤ 0
Specific CR
constr. 3
yr1 ha −A 1 ≤ 0
Specific CR
constr. 4
yr1 ha A −1 ≤ 0
Labour constr. yr1 PH A A A A A A ≤ (R)
S requ. NCT yr1 t A −1 ≤ 0
NCT S restr. yr1 t ≤ 0
S requ. organic yr1 t A −1 ≤ 0
O S restr. yr1 t 1 ≤ (R)
S requ. OC yr1 t A −1 ≤ 0
OC S restr. yr1 t 1 ≤ (R)
Yield O FC NCT yr1 t (−Y) 1 ≤ 0
Yield O FC O yr1 t (−Y) 1 ≤ 0
Yield O FC OC yr1 t (−Y) 1 ≤ 0
Yield O C1 yr1 t (−Y) 1 ≤ 0
Yield O C2 yr1 t (−Y) 1 ≤ 0
Account open yr1 € C C C C C C C C C 1 ≤ R
Account close yr1 € ≤ 0
Land constr. yr2 ha 1 ≤ R
Main CR constr. yr2 ha −1 1 1 1 1 1 1 ≤ 0
Specific CR
constr. 1
yr2 ha −A 1 1 1 ≤ 0
Specific CR
constr. 2
yr2 ha −A 1 ≤ 0
Specific CR
constr. 3
yr2 ha −A 1 ≤ 0
Specific CR
constr. 4
yr2 ha A −1 ≤ 0
Labour constr. yr2 PH A A A A A A ≤ (R)
S requ. NCT yr2 t A −1 ≤ 0
NCT S restr. yr2 t ≤ 0
S requ. organic yr2 t A −1 ≤ 0
O S restr. yr2 t 1 ≤ (R)
S requ. OC yr2 t A −1 ≤ 0
OC S restr. yr2 t 1 ≤ (R)
Yield O FC NCT yr2 t (−Y) 1 ≤ 0
Yield O FC O yr2 t (−Y) 1 ≤ 0
Yield O FC OC yr2 t (−Y) 1 ≤ 0
Yield O C1 yr2 t (−Y) 1 ≤ 0
Yield O C2 yr2 t (−Y) 1 ≤ 0
Account open yr2 € (−C) (−C) (−C) (−C) (−C) −1.03 C C C C C C C C C 1 ≤ R
Account close yr2 € (−C) (−C) (−C) (−C) (−C) −1.03 1 ≤ 0
Note: Yrs = Years, U = Unit, CR = Crop Rotation, G = Grow, FC = Focus Crop, C1= Crop 1 in crop rotation, S = Seed, B = Buy, O = organic, OC = Organic Cultivar, GG = Green Manure, M = Market, C.T. = Cash
Transfer, TGM = Total Gross Margin, Rel. = Relation, PH = Person-hours, E = Expected values, C = price coefficients, Y = Crop yields, A = Technical coefficients, R = Available resources. Values in round brackets
are adjusted inside the model. Bold values are agent-specific.
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Table A5. Simplified matrix overview of the MP decision-making model at seed multiplication level.
Activities X1 to Xn


















































Relation RHS b1 to bn
Years yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2
Unit t t t t t t t t t € € t t t t t t t t t € €
Obj. function 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Typical organic market
size constr.
yr1 ha A A ≤ Typical organic market size
Typical organic cultivar
market size constr.
yr1 ha A ≤ Typical organic cultivar
market size
Basic seed requ. NCT yr1 t A −1 ≤ 0
Basic seed requ. organic yr1 t A −1 ≤ 0
Basic seed requ. organic
cultivar
yr1 t A −1 ≤ 0
Basic organic seed constr. yr1 t 1 ≤ (R)
Basic organic cultivar seed
constr.
yr1 t 1 ≤ (R)
Seed yield NCT yr1 t 1 ≤ (ENCT seed sales)
Seed yield organic yr1 t 1 ≤ (Eorganic seed sales)
Seed yield organic cultivar yr1 t 1 ≤ (Eorganic cultivar seed sales)
Expected organic seed
sales
yr1 t ≤ 0
Expected organic cultivar
sales
yr1 t ≤ 0
Account open yr1 € C C C C C C C C C 1 ≤ R
Account close yr1 € ≤ 0
Typical organic market
size constr.
yr2 ha A A ≤ Typical organic market size
Typical organic cultivar
market size constr.
yr2 ha A ≤ Typical organic cultivar
market size
Basic seed requ. NCT yr2 t A −1 ≤ 0
Basic seed requ. organic yr2 t A −1 ≤ 0
Basic seed requ. organic
cultivar
yr2 t A −1 ≤ 0
Basic organic seed constr. yr2 t 1 ≤ (R)
Basic organic cultivar seed
constr.
yr2 t 1 ≤ (R)
Seed yield NCT yr2 t −Y 1 ≤ 0
Seed yield organic yr2 t −Y 1 ≤ 0
Seed yield organic cultivar yr2 t −Y 1 ≤ 0
Expected organic seed
sales
yr2 t 1 ≤ (Eorganic seed sales)
Expected organic cultivar
sales
yr2 t 1 ≤ (Eorganic cultivar seed sales)
Account open yr2 € C C C −C −C −C −1.03 C C C C C C −C −C 1 ≤ 0
Account close yr2 € C C C −C −C −1.03 1 ≤ 0
Note: Yrs = Years, P = Produce, S = Seed, B = Buy, BS = Basic Seed, org. = organic, cult. = cultivar, M = Market, T. = Transfer, Tot. = Total, E = Expected values, C = price coefficients, Y = Crop seed yields,
A = Technical coefficients, R = Available resources. Values in round brackets are adjusted inside the model. Bold values are agent-specific.
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Table A6. Simplified matrix overview of the MP decision-making model at breeding level.
Activities X1 to Xn
Yrs Unit P BS org. P BS org.
cult.
















Relation RHS b1 to bn
Years yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr1 yr2 yr2 yr2 yr2 yr2 yr2 yr2 yr2
Unit t t t t t t € € t t t t t t € €
Obj. function 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Typical market size
constr.
yr1 ha A A A ≤ Typical market size
Typical organic
market size constr.




yr1 ha A ≤ Typical organic cultivar market size
Basic seed yield yr1 t −1 1 1 1 ≤ 0
Basic organic
cultivar seed yield
yr1 t −1 1 ≤ 0
Expected organic
basic seed sales
yr1 t 1 ≤ (Eorganic basic seed sales)
Expected organic
basic cultivar sales
yr1 t 1 ≤ (Eorganic cultivar basic seed sales)
Account open yr1 € 1 ≤ R
Account close yr1 € ≤ 0
Typical market size
constr.
yr2 ha A A A ≤ Typical market size
Typical organic
market size constr.




yr2 ha A ≤ Typical organic cultivar market size
Basic seed yield yr2 t −1 1 1 1 ≤ 0
Basic organic
cultivar seed yield
yr2 t −1 1 ≤ 0
Expected organic
basic seed sales
yr2 t 1 ≤ (Eorganic basic seed sales)
Expected organic
basic cultivar sales
yr2 t 1 ≤ (Eorganic cultivar basic seed sales)
Account open yr2 € −C −C −C −C −1.03 1 ≤ R
Account close yr2 € −C −C −C −C −1.03 1 ≤ 0
Note: Yrs = Years, P = Produce, BS = Basic Seed, org. = organic, cult. = cultivar, M = Market, T. = Transfer, Tot. = Total, E = Expected values, C = price coefficients, Y = Crop seed yields, A = Technical coefficients,
R = Available resources. Values in round brackets are adjusted inside the model. Bold values are agent-specific.
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